The mathematical model of immobilized liver esterase and kinetics by flow calorimetry is discussed. In this paper, we have developed an efficient Legendre polynomial based spectral method to the model. To the best our knowledge until there is no rigorous Legendre spectral method has been reported for the above model. Illustrative examples are given to demonstrate the validity and applicability of the proposed method. The numerical results have been compared with modified Adomian decomposition method (MADM) and homotopy analysis method (HAM). Moreover the use of Legendre computational matrix method is found to be simple, accurate, flexible and an efficient tool.
Introduction
It has become a powerful tool for having applications in almost all the areas of engineering and sciences such as image coding, edge extraction, weather forecasting, statistical estimation and numerical solutions of ordinary and partial differential equations [1] [2] . Orthogonal functions play an important role in the solution of nonlinear reaction-diffusion equations. The main aim in the current work is to establish the shifted Legendre polynomials and the operational matrix together with collocation method to discretize the nonlinear reaction-diffusion equation into a system of algebraic equations [2] . Hariharan and his coworkers [4 -6] introduced the wavelet methods for solving differential equations arising in engineering. Recently, Hariharan and Kannan [7] reviewed the wavelet method for the solutions of reaction-diffusion problem. Boigues Muñoz et al. [31] established more accurate macro-models of solid oxide fuel cells through electrochemical and microstructural parameter estimation. Carlini et al. [32] presented mesophilic fermentation of SOMW in a micro pilot-scale anaerobic digester. Beginning from 1991, wavelet technique has been applied to solve differential equations. Wavelets, as very well-localized functions, are considerably useful for solving differential equations and provide accurate solutions. Hariharan and his coworkers [18] [19] [20] have introduced the wavelet based approach for solving the differential equations in science and engineering. The wavelet based approximation methods had been compared with Adomian decomposition method and other classical Recently, Rajaraman and Hariharan [25, 26] had introduced the efficient wavelet based spectral methods to singular boundary value problems and nonlinear reaction-diffusion problems. Hariharan and his coworkers [27] [28] [29] [30] had developed the wavelet based approximation methods to differential equations.
Mathematical formulation of the problem [11 -13]
The interaction of enzyme with substrate forms an enzyme-substrate complex (ES) and then converted to transition state (ES * ). It is then getting transformed to enzyme-product (EP) which finally splits into enzyme and product. [14] where E is the enzyme, S the substrate k1 is the rate constant for the formation of ES; also k1 is the rate constant for the disassociation of ES back into E+S and kcat is the catalytic rate constant [13] . Assume that glucoamylase was immobilized in porous particles. The temperature difference between the column input and output, ΔT, is measured by thermistors and registered by a computer. The temperature of the system is 303.15 Kelvin and the buffer solution was continuously pumped through the column with constant flow rate of 1ml/min. Initially the buffer solution is replaced by the substrate solution containing 1 -200 g/l of MDX in 0.1 M acetate buffer (pH 4.7). Two methods were adopted (i) single flow mode (ii) total recirculation mode. The single flow mode was performed with the switching valve 2 opened to the waste [12] . The equation of substrate balance in the particle is calculated from the substrate concentration gradient [12] . The biocatalyst particles are spherical shaped, the material balance reaction diffusion equation is given by: 
Method of solution using LCMM [3]
The well known Legendre polynomials Pn (z), defined on the interval [-1, 1], have the following properties:
The analytic form of the shifted Legendre polynomial ) ( 
is defined with the following inner product and norm.
The orthogonality condition is of the form [10] 
The set of the shifted Legendre polynomials forms a complete The method which was suggested is applied when m=2, a system of 3 linear algebraic equations follows, out of this 2 from the initial conditions and one from the main equation using the collocation point x0=0.5 which is the root of 0 ) (
which can be written in the matrix form: 
The exact solution for the substrate concentration U(x) [12] is 
Comparison of dimensionless substrate concentration U(x) with numerical solution for various values of
and  = 0 and  =0, Eq. (25) and (26) 
respectively by LCMM. 
Results and discussion
Our proposed numerical solutions have been compared with modified Adomian decomposition method and homotopy analysis method. The results of MADM and HAM are well satisfied with LCMM for various values of the reaction diffusion parameter k  . Figures (1-3) 
Conclusion
Since the Legendre Computational matrix method approximates the nonlinear initial and boundary value problems, it is very easy to implement and extend it to various nonlinear reaction-diffusion problems. In this section, an efficient LCMM has been used to investigate the kinetics of immobilized liver esterase by flow calorimetry. Our results have been compared with MADM and HAM results. Good agreement with the exact solution is observed. The results arrived are useful for design and optimization of immobilized liver esterase by flow calorimetry.
